AD-A226 


OTIC  HLt  CUPY 


REPORT  SSD-TR-90-20 


i) 


Heavy-Ion-Induced  Snapback  in  CMOS  Devices 


R.  KOGA  and  W.  A.  KOLASINSKI 
Space  Sciences  Laboratoiy 
laboratory  Operations 
The  Aerospace  Corporation 
El  Segundo,  CA  902454691 


15  August  1990 


Prepared  for 

SPACE  SYSTEMS  DIVISION 
AIR  FORCE  SYSTEMS  COMMAND 
Los  Angeles  Air  Force  Base 
P.O.  Box  92960 
Los  Angeles,  CA  90009*2960 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


DTIC 

SELECTEf% 

sEp.g?,am|j| 


uo  (i<)  25  226 


This  report  was  submitted  by  The  Aerospace  Corporation,  El  Segundo,  CA  90245, 
under  Contract  No.  F04701-88-C-0089  with  the  Space  Systems  Division,  P.  O.  Box  92960, 

Los  Angeles,  CA  90009-2960.  It  was  reviewed  and  approved  for  The  Aerospace  Corporation 
by  H.  R.  Rugge,  Acting  Director,  Space  Sciences  Laboratory. 

Lt.  Tyron  Fisher  was  the  project  officer  for  the  Mission-Oriented  Investigation  and  Ex¬ 
perimentation  (MOIE)  Program. 

This  report  has  been  reviewed  by  the  Public  Affairs  Office  (PAS)  and  is  releasable  to 
the  National  Technical  Information  Service  (NT1S).  At  NTTS,  it  will  be  available  to  the  gen¬ 
eral  public,  including  foreign  nationals. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication.  Publication 
of  this  report  does  not  constitute  Air  Force  approval  of  the  report’s  findings  or  conclusions. 
It  is  published  only  for  the  exchange  and  stimulation  of  ideas. 


SSD/CLPO  AFSTC/WCO  OL-AB 


8  □ 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE 


la.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 

2a.  SECURITY  CLASSIFICATION  AUTHORITY 

2b  DECLASSIFICATION/DOWNGRADING  SCHEDULE 

4  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

TR-0089(4940-05)-4 

6a  NAME  OF  PERFORMING  ORGANIZATION 

6b.  OFFICE  SYMBOL 

The  Aerospace  Corporation 

(If  applicable) 

Laboratory  Operations 

6c  ADDRESS  (City,  State,  and  Z'p  Code) 

El  Segundo,  CA  90245-4691 

8a  NAME  OF  FUNDING/SPONSORING 

8b.  OFFICE  SYMBOL 

ORGANIZATION 

(If  applicable) 

8c.  ADDRESS  (City,  State,  and  ZIP  Code) 

REPORT  DOCUMENTATION  PAGE 


1b.  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION/AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

SSD-TR-90-20 


7a  NAME  OF  MONITORING  ORGANIZATION 

Space  Systems  Division 


7b  ADDRESS  (City,  State,  and  ZIP  Code) 
Los  Angeles  Air  Force  Base 
Los  Angeles,  CA  90009-2960 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

F04701-88-C-0089 


10  SOURCE  OF  FUNDING  NUMBERS 


1 1  TITLE  (Include  Security  Classification) 

Heavy-Ion-Induced  Snapback  in  CMOS  Devices 


12  PERSONAL  AUTHOR(S) 

Koga,  Rokutaro,  and  Kolasinski,  Wojciech  A. 


13a.  TYPE  OF  REPORT  13b  TIME  COVERED 

FROM  TO 


PROGRAM 

PROJECT 

TASK 

WORK  UNIT 

ELEMENT  NO. 

NO 

NO 

ACCESSION  NO 

14.  DATE  OF  REPORT  (Year,  Month,  Day)  15,  PAGE  COUNT 

1990  August  15  19 


COSATI  CODES 


GROUP  I  SUB-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  it  necessary  and  identity  by  block  number) 

Single-event  upset  phenomena 
Snapback 


1 9.  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

r 

Single-event  snapback  (SES)  susceptibilities  of  selected  complementary  metal-oxide  semiconductor  (CMOS) 
devices  to  heavy  ions  were  measured,  first  using  N,  Ne,  Ar,  Cu,  and  Kr  ion  beams.  Like  latchup,  snapback 
was  observed  macroscopically  by  detecting  the  abnormally  high  bias  current  condition.  However,  the  snap- 
back  susceptibility  characteristics  differed  from  those  of  latchup,  and  consequently  we  could  unambiguously 
measure  the  snapback  responses.  The  responses  are  expressed  in  terms  of  the  cross  section  for  varying  bias 
and  the  stopping  power  of  ions.  Test  data  indicate  that  CMOS  devices  with  rather  long  channel  lengths  (on 
the  order  of  3  gm)  are  free  from  SES  when  operated  at  about  5  V.  However,  present-day  theories  have  pre¬ 
dicted  that  this  regenerative  breakdown  mode  of  upset  may  become  very  important  at  5  V  or  below  for 
devices  with  extremely  short  n-channel  lengths. 

sp  so 


DISTRIBUTION/AVAILABILITY  OF  ABSTRACT 

UNCLASSIFIED/UNLIMITED  0  SAME  AS  RPT.  Q  OTIC  USERS 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

Unclassified 


22b.  TELEPHONE  (Include  Area  Code)  I  22c.  OFFICE  SYMBOL 


DD  FORM  1473,  84  MAR 


83  APR  *(111100  may  be  used  until  exhausted. 
All  other  editions  are  obsolete 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

UNCLASSIFIED 


Preface 


We  would  like  to  thank  our  Aerospace  colleagues  Bob  Walter,  Sam  Imamoto,  John  Elder, 
Brad  Johnson,  and  Jon  Osborn  for  their  generous  assistance  in  the  development  of  the  instrumen¬ 
tation.  Our  thanks  are  also  due  to  the  members  of  the  Lawrence  Berkeley  Laboratory  88-in.  cy¬ 
clotron  staff  for  beam  delivery. 


1 


Contents 


Preface .  1 

I.  Introduction  .  7 

II.  Test  Methods .  9 

III.  Test  Results  and  Comments .  11 

IV.  Snapback  Model  .  17 

V  Discussion .  19 

VI.  Conclusions .  21 

References .  23 


3 


Figures 


1.  Static  Test  Results  for  HS54C138RH  (S/N  337) .  12 

2.  Static  Test  Results  for  HS54C138RH  (S/N  353) .  12 

3.  Static  Test  Results  for  HS54C138RH  (Combined)  .  12 

4.  Active  Test  Results  for  HS54C138RH  (Combined) .  12 

5.  Static  Test  Results  for  HS3374RH  (Combined) .  13 

6.  Active  Test  Results  for  HS3374RH  (Combined) .  13 

7.  Static  Test  Results  for  HS81C55RH  (Combined)  .  13 

8.  Active  Test  Results  for  HS81C55RH  (Combined) .  13 

9.  Active/Static  Test  Results  for  HS82C08RH  (Combined) .  14 

10.  Static  Test  Results  for  HS80C85RH  (S/N  233) .  14 

11.  Heavy  Ion  Induced  Snapback .  18 

Tables 

1.  Comparison  of  Snapback  and  Latchup  in  CMOS  Devices .  7 

2.  Static  vs  Active  Test  Results  .  11 

3.  Maximum  (Static)  Cross  Section  vs  Die  Size .  19 


5 


I.  Introduction 


Snapback  has  been  investigated  for  over  a  decade  in  the  area  of  the  avalanche  breakdown 
study  in  short-channel  n-channel  metal-oxide  semiconductor  (NMOS)  transistors  [1],[2].  (The 
term  snapback  first  appeared  in  the  literature  in  1978  [2]  and  has  been  in  common  usage  since 
then  [3], [4],  Previous  studies  have  concluded  that  n-channel  metal-oxide  semiconductor  field  ef¬ 
fect  transistors  (MOSFETs)  may  undergo  a  stable,  regenerative  breakdown,  which  results  in  an 
abrupt  increase  of  the  drain-source  current.  This  mode  of  breakdown  occurs  when  a  parasitic 
three-layer  transistor  (sometimes  referred  to  as  a  parasitic  bipolar  device)  is  activated  by  deposi¬ 
tion  of  a  charge  at  the  sensitive  area  (see  section  IV).  The  charge  may  be  deposited  through  ion¬ 
ization  [e.g.,  single-event  snapback  (SES)]  or  through  avalanching  (e.g.,  over-voltage  stress  condi¬ 
tion  at  a  signal  node).  Another  result  of  these  studies  is  that  snapback  can  be  induced  more 
readily  for  devices  with  a  short  channel  length. 

1  he  typical  snapback  drain  I-V  characteristic  curve  resembles  that  of  latchup  [an  activation 
of  parasitic  signal-to-clutter  ratio  (SCR)  circuits][3].  Even  though  the  mechanism  of  snapback 
differs  from  that  of  latchup,  our  detection  techniques  are  very  similar.  Therefore,  it  is  informative 
to  compare  the  two  mechanisms  and  to  point  out  ways  to  distinguish  them.  The  comparison  is 
shown  in  Table  1.  As  can  be  seen  in  the  last  item  in  the  table,  snapback  in  a  CMOS  inverter  can 
be  terminated  (stopped)  by  switching  the  logic  level  of  the  inverter.  We  have  adapted  this  method 
to  ensure  that  we  are  measuring  snapback,  not  latchup. 


Table  1.  Comparison  of  Snapback  and  Latchup  in  CMOS  Devices 


Item  of  Comparison 

Snapback 

Latchup 

Induced  current-carry  ing  path 

Parasitic  3-layer  bipolar 
transistor  circuit 

Parasitic  4-layer  SCR  circuit 

Typical  location  of  path  in  a 
CMOS  inverter  circuit 

From  source  of  n-channel  to 
drain  of  same  channel 

From  source  of  p-channel  to 
source  of  n-channel 

Magnitude  of  current  measured 
at  bias  pins 

On  the  order  of  100  mA 

On  the  order  of  100  mA 

Method  of  terminating  high  cur¬ 
rent  condition 

Shut  off  power  supply  and  re¬ 
start,  QT 

Change  input  polarity  of  inverter 

Shut  off  power  supply  and 
restart 

For  the  present  study,  we  decided  to  test  five  device  types  of  the  Harris  radiation  hardened 
CMOS  family:  HS54C138RH  (three  to  eight  decoder),  HS82C08RH  (bus  transceiver),  HS3374RH 
(eight-bit  level  converter),  HS81C55RH  [256  x  8  static  random  access  memory  (SRAM)],  and 
HS80C85RH  (eight-bit  microprocessor).  All  device  types  were  manufactured  with  a  thin  epitaxial 
layer.  Therefore,  we  expected  that  the  probability  of  observing  latchup  was  low.  Nevertheless,  it 
was  still  necessary  to  utilize  the  items  in  Thble  1  to  distinguish  SES  from  latchup. 

These  devices  have  been  fabricated  to  op>  rate  with  the  bias  voltage  ranging  from  about  4  to 
11  V  (see  earlier  device  specifications),  although  recent  manufacturer  specifications  limit  the  pow- 
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er  supply  voltage  to  a  region  between  4.75  and  5.25  V.  An  exception  is  HS3374RH,  which  is  still 
rated  to  1 1  V.  Because  all  these  device  types  function  well  at  higher  supply  voltages,  they  have 
been  operated  above  9  V  in  some  space  applications.  These  applications  demand  higher  through¬ 
puts,  which  can  be  achieved  only  at  a  higher  supply  voltage.  The  present  study  of  snapback  was 
initiated  to  set  a  limit  on  the  maximum  supply  voltage  at  which  SES  susceptibility  is  still  accept¬ 
ably  low,  since  we  inferred  from  earlier  studies  that  the  snapback  sustaining  voltage  of  these  de¬ 
vices  would  most  likely  be  higher  than  5  V  [3],[4J. 
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II.  Test  Methods 


The  tests  were  carried  out  at  the  Lawrence  Berkeley  Laboratory  88-in.  cyclotron.  The  ion 
beam  delivery,  analysis,  and  exposure  techniques  are  identical  to  those  used  for  other  single-event 
upset  testing  and  therefore  can  be  found  in  previously  published  technical  literature  [5], 

Since  the  occurrence  of  snapback  is  accompanied  by  a  dramatic  increase  in  the  device  bias 
current,  local  heating  is  inevitable.  It  is  therefore  mandatory  that  the  snapback  be  detected  and 
cleared  before  the  device  has  a  chance  to  heat  up.  We  used  a  circuit  that  performed  the  functions 
of  sensing  (within  the  order  of  1  gs),  clearing  (within  the  order  of  1  ms),  and  recording  snapback 
(in  a  few  milliseconds).  For  details  of  the  circuit,  the  reader  is  referred  to  the  description  of  the 
same  circuit  used  to  detect  latchup  [6], 

All  irradiations  were  carried  out  on  biased  devices.  In  one  set  of  tests,  all  input  pins  were 
held  at  either  a  high  or  low  logic  level  throughout  the  irradiation.  We  call  this  the  static  test.  In 
another  set,  we  varied  the  inputs  (raised  to  Vqd,  reduced  to  V§s,  and  repeated  at  1  MHz)  and 
also  applied  1  MHz  clock  pulses  if  applicable.  This  is  considered  the  active  test.  Both  static  and 
active  tests  were  needed  to  measure  the  dynamic  properties  of  snapback,  as  discussed  below. 

We  did  not  know  the  number  of  off-state  n-channel  transistors  in  each  device  during  the  test. 
Since  SES  occurs  only  at  the  off-state  transistors,  we  at  first  thought  that  we  should  take  into  ac¬ 
count  the  number  of  these  transistors.  However,  we  later  concluded  that  the  number  of  off-state 
transistors  is  reasonably  constant  under  test  conditions.  The  main  reason  is  that  a  basic  CMOS 
memory  cell  has  at  least  two  n-channel  transistors,  one  of  which  was  always  turned  off,  indepen¬ 
dent  of  the  logic  state.  Nevertheless,  by  avoiding  unusual  biasing  conditions,  we  created  a  reason¬ 
ably  well-balanced  testing  situation.  For  example,  we  set  four  inputs  to  “high”  and  the  other  four 
inputs  to  “low”  for  an  eight-bit  device. 

The  bias  voltage  was  varied  by  1/4  V  starting  from  the  maximum  voltage  of  11  V.  Only  at 
the  threshold  region  was  a  finer  separation  of  voltage  steps  used. 
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HI.  Test  Results  and  Comments 


The  test  results  follow. 

1.  HS54C138RH:  Figure  1  shows  the  cross  sections  from  the  static  test  of  a  single  device 
[serial  no.  (S/N)  337|  at  various  voltage  levels  and  with  several  ion  species.  Similar  curves  from 
another  device  (S/N  353)  are  shown  in  Figure  2.  Figure  3  shows  the  combined  test  data  of  several 
devices,  including  S/Ns  337  and  353.  The  linear  energy  transfer  (LET)  vs  cross  section  at  any  volt¬ 
age  can  be  extracted  from  the  figure.  We  also  combined  the  static  test  results  of  several  devices  to 
produce  the  bands  of  data  shown  in  Figure  4.  All  other  figures  that  describe  test  results  were 
produced  in  this  fashion,  except  Figure  10. 

2.  HS3374RH:  A  composite  of  several  devices  produced  curves  for  the  static  tests,  as  shown 
in  Figure  5.  During  the  active  tests,  we  obtained  the  composite  curves  shown  in  Figure  6. 

3.  HS81C55RH:  The  composite  graphs  of  the  static  and  the  active  tests  are  shown  in  Fig¬ 
ures  7  and  8,  respectively. 

4.  HS82C08RH:  For  this  device  type  only,  both  the  static  and  the  active  test  results  were 
very  similar.  Consequently,  we  combined  all  data  for  this  device  type,  as  shown  in  Figure  9. 

5.  FIS80C85RH:  The  most  dramatic  change  in  the  snapback  cross  section  as  a  consequence 
of  applying  clock  pulses  occurred  in  this  device  type.  From  the  static  test,  we  observed  a  large 
cross  section  (Figure  10),  while  no  snapback  was  detected  during  the  active  tests.  We  took  a  few 
more  data  points  during  the  static/active  test  of  another  HS80C85RH.  Since  the  data  points  were 
not  numerous  enough  to  complete  a  cross-section  curve,  we  have  shown  the  results  of  only  one 
device. 

We  noticed  that  for  the  most  part:  (a)  the  cross  section  was  higher  for  the  static  test,  (b)  cut¬ 
off  voltage  (above  9  V)  was  normally  independent  of  the  input  activity,  and  (c)  HS80C85RH  was 
drastically  different  from  the  other  devices,  as  shown  in  Table  2. 


Table  2.  Static  vs  Active  Test  Results 


Effects  of  Applying  Clock  Pulses 

Device  Type 

Cross  Section 

Threshold  Voltage 

Cutoff  Voltage 

HS54C138RH 

High  for  static  tests  at  higher  LET 
About  the  same  at  lower  LET 

About  the  same  for  most 
of  the  beam 

9.2 

HS3374RH 

High  for  static  tests 

About  the  same 

10.1 

HS81C55RH 

High  for  static  tests  at  higher  LET 
About  the  same  at  lower  LET 

Just  about  the  same 

9.8 

HS82C08RH 

About  the  same 

Just  about  the  same 

9.6 

HS80C85RH 

Very  high  for  static  tests 

Very  high  for  active  tests 

9.3  for  static  tests 
>  11.0  for  active  tests 

SECTION  (an 


CROSS  SECT lON  (cm'  ■  aevice) 


The  snapback  cross  section  increased  with  increasing  bias  voltage.  At  a  lower  voltage,  there 
is  an  abrupt  cutoff  in  the  cross  section  curve  (a  sharp  knee).  The  above  characteristics  are  not 
often  shared  by  a  latchup  whose  cross  section  tends  to  decrease  more  smoothly  when  the  bias 
voltage  is  reduced  (e.g.,  latchup  observed  for  TC5564  8K  x  8  SRAM).  However,  we  do  not  have 
enough  data  to  make  a  definitive  conclusion,  and  therefore,  the  shapes  of  the  curves  have  not 
been  used  to  distinguish  snapback  from  latchup. 
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IV.  Snapback  Model 


Previous  studies  have  advanced  a  semiqualitative  model  of  snapback  [3], [4],  Even  though 
the  model  has  not  been  developed  specifically  for  heavy-ion-induced  snapback,  heavy  ions  have 
been  included  in  the  set  of  possible  causes.  Therefore,  we  will  briefly  summarize  Beitman’s  basic 
snapback  model  in  order  to  qualitatively  explain  SES  [4].  All  device  types  have  the  epitaxial  n- 
layer  on  the  highly  doped  n+  material.  Since  the  off-state  NMOS  transistors  are  responsible  for 
the  snapback  in  a  CMOS  circuit,  we  expect  a  well-developed  depletion  region  around  the  drain,  as 
shown  in  Figure  11a.  Soon  after  the  passage  of  an  ion  through  the  depletion  region,  the  electron- 
hole  pairs  commence  movement  along  the  field  lines.  Most  electrons  travel  toward  the  drain, 
whereas  the  holes  move  mainly  toward  the  source  (Figure  lib).  Some  holes,  however,  travel 
through  the  p-regions  toward  the  ground  plane.  At  this  stage,  the  parasitic  bipolar  transistor  can 
be  turned  on,  as  shown  in  Figure  11c.  Once  the  parasitic  transistor  is  turned  on  and  the  regen¬ 
erative  breakdown  condition  has  occurred,  the  transistor  can  be  shut  off  only  when  the  current 
between  the  drain  and  the  source  is  reduced  below  the  cutoff  (sustaining)  current  level.  The  effect 
of  funnelling  may  accelerate  the  onset  of  the  snapback.  The  introduction  of  the  p-well  feature 
slightly  complicates  the  picture,  since  additional  parasitic  (vertical)  bipolar  transistors  become 
active.  Nevertheless,  the  basic  model  describes  the  main  snapback  mechanism,  i.e.,  a  low  resis¬ 
tance  path  is  formed  between  the  source  and  the  drain  of  the  off-state  NMOS  transistor. 

With  the  aid  of  the  basic  model,  it  is  easy  to  see  that  there  are  two  ways  to  remove  the  snap- 
back.  One  is  to  shut  off  the  device  power  and  restart.  This  works  for  any  n-channel  device.  The 
other  way,  which  is  applicable  to  CMOS  devices  only,  involves  shutting  off  the  accompanying  p- 
channel  transistor  by  reversing  the  state  of  the  logical  bit.  This  action  stops  the  current  flow 
through  the  n-channel,  and  hence  removal  of  the  snapback  condition  results.  Therefore,  in  some 
CMOS  devices,  a  heavy-ion-induced  snapback  may  be  difficult  to  observe,  especially  when  the 
logic  states  of  the  bits  in  the  device  are  being  altered  quickly  and  continuously. 
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V.  Discussion 


The  highest  cross  section  of  the  devices  at  the  bias  of  11  V  is  compared  with  the  physical  die 
size  in  Table  3.  The  ratios  in  the  table  seem  to  indicate  that  the  sensitive  n-channel  depletion 
regions  of  each  device  type  amount  to  only  a  small  section  of  the  die  at  this  bias.  Therefore,  not 
all  n-channel  regions  are  vulnerable.  However,  the  present  data  are  not  sufficient  to  state  that 
either  (1)  snapback  occurs  only  in  a  limited  region  of  a  die  (e.g.,  buffers)  or  (2)  snapback  occurs  in 
a  small  region  at  this  level  of  LET  (and  is  presumed  to  increase  to  all  n-channel  regions  at  higher 
LET).  In  either  case,  in  the  space  environment,  these  devices  will  not  experience  snapback  in  a 
much  wider  area  than  we  have  measured. 


Table  3.  Maximum  (Static)  Cross  Section  vs  Die  Size 


Device  Type 

Cross  Section,  cm2 

Die  Size,  cm2 

Ratio 

HS54C138RH 

1.1  E-4 

3.0  E-2 

0.004 

HS3374RH 

6.0  E-5 

4.2  E-2 

0.002 

HS81C55RH 

2.4  E-4 

2.8  E-l 

0.001 

HS82C08RH 

7.5  E-5 

3.0  E-2 

0.003 

HS80C85RH 

3.0  E-4 

2.8  E-l 

0.001 

The  best  indicator  that  we  have  measured  snapback  (not  latchup)  comes  from  the  observed 
influence  of  clock  pulses  on  the  cross  section.  Since  previous  studies  had  presented  a  good  under¬ 
standing  of  snapback,  we  were  able  to  follow  various  manifestations  of  SES  as  we  proceeded  with 
testing  [3],  The  application  of  square  wave  clock  pulses  (1  MHz)  at  the  inputs  generally  reduced 
the  cross  section.  However,  there  was  no  effect  on  HS82C08RH.  We  believe  that  major  portions 
of  the  circuits  of  this  device  type  were  never  driven  by  the  input  clock  pulses.  On  the  other  hand, 
all  vulnerable  transistors  in  HS80C85RH  seemed  to  have  responded  to  the  clock  pulses,  prevent¬ 
ing  the  appearance  of  the  snapback  state  in  the  external  area.  Within  the  limited  time  available 
for  testing,  we  did  not  use  all  combinations  of  instructions  for  HS80C85RH.  However,  we  did  not 
find  any  instruction  that  produced  snapback. 

We  did  not  observe  any  permanent  damage  in  the  devices  when  they  were  functionally  tested 
after  the  SES  testing.  Since  the  snapback  bias  current  can  exceed  100  mA,  we  assume  that  metal 
fusing  or  melting  can  occur  if  the  snapback  is  unchecked.  It  appears  that  our  tester  detected  and 
terminated  snapback  quickly  enough  to  mitigate  any  possible  damage. 

Increased  bias  voltage  reduces  the  propagation  delay  of  CMOS  devices.  Therefore,  in  appli¬ 
cations  where  speed  is  important,  devices  may  be  operated  at  higher  voltages.  However,  at  10  V 
(for  example),  the  device  may  experience  a  snapback  in  space.  Moreover,  we  currently  do  not 
have  a  proper  method  to  assess  the  snapback  rate.  A  precise  model  of  SES,  which  expresses  such 
parameters  as  the  size  of  the  sensitive  region,  needs  to  be  completed  before  the  computer  code 
can  be  developed  for  the  snapback  rate  calculation. 
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VI.  Conclusions 


The  channel  length  of  the  tested  devices  is  on  the  order  of  3  *im.  For  these  devices,  a  heavy- 
ion-induced  snapback  will  not  occur  as  long  as  the  device  bias  is  set  at  (or  below)  9  V.  However, 
according  to  present-day  theory,  the  onset  of  snapback  will  move  toward  a  lower  bias  level  for  de¬ 
vices  of  shorter  channel  lengths  [2], [4],  Therefore,  SES  susceptibility  is  yet  another  factor  that 
should  be  taken  into  consideration  by  device  manufacturers  as  the  miniaturization  of  space-borne 
microcircuits  continues  in  the  CMOS  and  NMOS  technologies.  We  hope  to  extend  our  investiga¬ 
tion  by  selecting  test  samples  with  much  shorter  channel  lengths  in  the  near  future. 


21 


References 


fl]  E.  Sun,  J.  Moll,  J.  Berger,  and  B.  Alders,  “Breakdown  mechanism  in  short  channel  MOS 
transistors,”  in  IEDM  Tech.  Dig.,  pp.  478-482,  1978. 

[2]  T  Toyabe,  K.  Yamaguchi.  S.  Asai,  and  M.  Mock,  “A  numerical  model  of  avalanche  break¬ 
down  in  MOSFET’s,”  IEEE  Trans.  Elect.  Dev.,  ED-25,  pp.  825-831,  1978. 

[3]  A.  Ochoa,  Jr.,  F.  W.  Sexton,  T.  F.  Wrobel,  G.  L.  Hash,  and  R.  J.  Sokel,  “Snap-back:  a  stable 
regenerative  breakdown  mode  of  MOS  devices,”  IEEE  Trans.  Nucl.  Sci.,  NS-30, 

pp.  4127-4130,  1983. 

[4]  B.  A.  Beitman,  “n-Channel  MOSFET  breakdown  characteristics  and  modeling  for  p-well 
technologies,”  IEEE  Trans.  Elect.  Dev.,  ED-35,  pp.  1934-1941,  1988. 

[5]  R.  Koga,  W.  A.  Kolasinski,  and  S.  Imamoto,  “Heavy  ion  induced  upsets  in  semiconductor 
devices,”  IEEE  Trans.  Nucl.  Sci.,  NS-32,  pp.  159-162,  1985. 

[6]  W.  A.  Kolasinski,  R.  Koga,  E.  Schnauss,  and  J.  Duffey,  “The  effect  of  elevated  temperature 
on  latchup  and  bit  errors  in  CMOS  devices,”  IEEE  Trans.  Nucl.  Sci.,  NS-33,  pp.  1605-1609, 
1986. 


23 


LABORATORY  OPERATIONS 


The  Aerospace  Corporation  functions  as  an  “architect-engineer”  for  national  security 
projects,  specializing  in  advanced  military  space  systems.  Providing  research  support,  the 
corporation’s  Laboratory  Operations  conducts  experimental  and  theoretical  investigations  that 
focus  on  the  application  of  scientific  and  technical  advances  to  such  systems.  Vital  to  the  success 
of  these  investigations  is  the  technical  staffs  wide-ranging  expertise  and  its  ability  to  stay  current 
with  new  developments.  This  expertise  is  enhanced  by  a  research  program  aimed  at  dealing  with 
the  many  problems  associated  with  rapidly  evolving  space  systems.  Contributing  their  capabilities 
to  the  research  effort  are  these  individual  laboratories: 

Aerophysics  Laboratory:  Launch  vehicle  and  reentry  fluid  mechanics,  heat  transfer 
and  flight  dynamics;  chemical  and  electric  propulsion,  propellant  chemistry,  chemical 
dynamics,  environmental  chemistry,  trace  detection;  spacecraft  structural  mechanics, 
contamination,  thermal  and  structural  control;  high  temperature  thermomechanics,  gas 
kinetics  and  radiation;  cw  and  pulsed  chemical  and  excimer  laser  development, 
including  chemical  kinetics,  spectroscopy,  optical  resonators,  beam  control,  atmos¬ 
pheric  propagation,  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  chemical  reactions,  atmospheric 
optics,  light  scattering,  state-specific  chemical  reactions  and  radiative  signatures  of 
missile  plumes,  sensor  out-of-field-of-view  rejection,  applied  laser  spectmsrony,  laser 
chemistry,  laser  optoelectronics,  solar  cell  physics,  battery  electrochemistry,  space 
vacuum  and  radiation  effects  on  materials,  lubrication  and  surface  phenomena, 
thermionic  emission,  photosensitive  materials  and  detectors,  atomic  frequency  stand¬ 
ards,  and  environmental  chemistry. 

Electronics  Research  Laboratory:  Microelectronics,  solid-state  device  physics, 
compound  semiconductors,  radiation  hardening;  electro-optics,  quantum  electronics, 
solid-state  lasers,  optical  propagation  and  communications;  microwave  semiconductor 
devices,  microwave/millimeter  wave  measurements,  diagnostics  and  radiometry,  micro¬ 
wave/millimeter  wave  thermionic  devices;  atomic  time  and  frequency  standards; 
antennas,  rf  systems,  electromagnetic  propagation  phenomena,  space  communication 
systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals,  alloys, 
ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  nondestructive 
evaluation,  component  failure  analysis  and  reliability;  fracture  mechanics  and  stress 
corrosion;  analysis  and  evaluation  of  materials  at  cryogenic  and  elevated  temperatures 
as  well  as  in  space  and  enemy-induced  environments. 

Space  Sciences  Laboratory:  Magnetospheric,  auroral  and  cosmic  ray  physics, 
wave-particle  interactions,  magnetospheric  plasma  waves;  atmospheric  and  ionospheric 
physics,  density  and  composition  of  the  upper  atmosphere,  remote  sensing  using 
atmospheric  radiation;  solar  physics,  infrared  astronomy,  infrared  signature  analysis; 
effects  of  solar  activity,  magnetic  storms  and  nuclear  explosions  on  the  earth’s 
atmosphere,  ionosphere  and  magnetosphere;  effects  of  electromagnetic  and  particulate 
radiations  on  space  systems;  space  instrumentation. 


